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(54) ELECTRICALLY CONDUCTIVE CURABLE COMPOSITION 

(57)Abstract: 

PURPOSE: To provide an electrically conductive curable composition free from crack- 
generation in curing and giving a cured material exhibiting electrical conductivity stable over a 
long period. 

CONSTITUTION: This electrically conductive curable composition contains an epoxy resin , a 
curing agent and 300-2,000 pts.wt. (based on 100 pts.wt. of the sum of the epoxy resin and 
the curing agent) of dendritic metal powder having an average particle diameter of 10-15^im 
and containing <0.05vol.% of powder having particle diameter of >40p,m. The epoxy resin is 
composed of a bisphenol A diglycidyl ether having an epoxy equivalent of <200g/equivalent 
and at least one kind of monoalvcidvl compound selected from 1 1-13C straight-chain alkyl 
monoglycidyl ether and 9-1 1 C straight-chain alkyl monoglycidyl ester . The amount of the 
monoglycidyl compound is 20-60wt.% based on the bisphenol A diglycidyl ether. 
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Compsn. comprises (A) epoxy resin , (B) hardener and (C) dendriti c metal 
powder which is contained in 300-2,000, pref. 400-700 pts.wt. power 100 
pts.wt. of (A)+(B). (C) has a vol. average particle dia. of 10 to 15 
microns, contains less than 0.05 vol.% of particles having a dia. of 
larger than 40 microns and has a standard deviation (log sigma) of lower 
than 0.26 as defined by logarithmic distribution function. 

(A) comprises (a) bisphenol A glycidyl ether with an epoxy equiv. of 
lower than 200 g/equiv. and (b) at least one monoglycidyl cpd. selected 
from among 11-13C straight chain alkyl monoglycidyl ether an d 9-11C 
straight chain alkyl monoglycidyl ester, with (b) contained in 20-60 wt.% 
of (a)" ~ 

(B) is used in 0.3-2.0 equiv. per 1 equiv. of epoxy gp. (C) are e.g. 
Cu, Ag, and Fe powders. 

ADVANTAGE - Curable electroconductive compsn. forms cured prod, which 
does not crack in curing even when it is thick and has consistently high 
electroconductivity over a long period. For filling in through-hole of 
circuit board. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to a new hardenability electric conduction constituent. It 
is the hardenability electric conduction constituent which there is no generating of a crack at the time of 
hardening when acquiring a thick conductive hardening object like [ when carrying out restoration 
hardening and forming a flow through hole in the through tube for through holes of the substrate for 
circuit formation in detail ], the hardening object acquired moreover continues at a long period of time, 
and demonstrates stable conductivity. 
[0002] 

[Description of the Prior Art] The hardenability electric conduction constituent is used for many 
applications, such as an object for IC circuits, electroconductive glue, and electromagnetic wave 
shielding, in the electronics field. Especially, recently, while making the through tube for through hole 
formation fill up with and harden a hardenability electric conduction constituent, forming a flow through 
hole and filling a through hole, the technique which enabled loading of components on it is also 
proposed. 

[0003] It sets for the application of the above-mentioned hardenability electric conduction constituent, 
and generating of the crack to the hardening object by the cold energy impact after the time of hardening 
of a hardenability electric conduction constituent or hardening poses a problem. That is, by contact 
between the metal powders by hardening contraction of hardenability resin, a hardenability electric 
conduction constituent demonstrates conductivity ability, and is accompanied by the contraction at the 
time of hardening. Therefore, the problem that the above-mentioned hardenability electric conduction 
constituent generally tends to generate a crack inside a hardening object at the time of hardening is 
pointed out. Moreover, the problem that a crack occurs by the cold energy impact after hardening 
remains. 

[0004] As an approach of solving such a problem, the attempt which is going to control generating of a 
crack is made by adding flexible grant agents, such as a denaturation ORGANO siloxane, in a 
hardenability electric conduction constituent. 
[0005] 

[Problem(s) to be Solved by the Invention] However, the hardenability electric conduction constituent 
which added the above-mentioned flexible grant agent As opposed to the cold energy impact at the time 
of using it for the application of the object for IC circuits, electroconductive glue, electromagnetic wave 
shielding, etc. Although it has a certain amount of effectiveness, generating of the crack in the cold 
energy impact the time of hardening in the case of acquiring a thick conductive hardening object like [ in 
the case of filling up said through tube for through holes, and forming a flow through hole ] or after 
hardening cannot be prevented. Moreover, when the addition of a flexible grant agent is made to 
increase to sufficient amount to prevent the above-mentioned phenomenon, the shrinkage characteristics 
of a hardenability electric conduction constituent fall, and have the problem of sacrificing conductivity 
of the hardening object acquired. This problem is remarkable when copper powder is used as a metal 
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powder. 

[0006] Therefore, even when a thick conductive hardening object was formed, there is no generating of 
a crack at the time of hardening, and development of the hardenability electric conduction constituent 
with which the hardening object acquired continues at a long period of time, and moreover demonstrates 
advanced conductivity was desired. 
[0007] 

[Means for Solving the Problem] this invention persons repeated research wholeheartedly that the 
above-mentioned technical problem should be solved. Consequently, the epoxy resin which carries out 
the amount content of specification of the monoglycidyl compound which has specific structure as an 
epoxy resin which constitutes a hardenability electric conduction constituent is used. And by using the 
arborescence metal powder which has specific particle size distribution as a metal powder It finds out 
that the hardenability electric conduction constituent with which the hardening object with which the 
effectiveness by these configurations acts in multiplication, and is excellent in the generating tightness 
of the crack at the time of hardening, and is acquired continues at a long period of time, and 
demonstrates advanced conductivity is obtained, and came to complete this invention. 
[0008] Namely, this invention consists of an arborescence metal powder of the 300 - 2000 weight 
section to the total quantity 100 weight section of an epoxy resin, a curing agent, and the above- 
mentioned epoxy resin and a curing agent, and the above-mentioned resin-like metal powder is 10-15 
micrometers in mean particle diameter. The rate of the metal powder of the particle size exceeding 40 
micrometers is below 0.05 capacity %, and standard deviation logsigma defined by the logarithmic 
distribution function is 0.26 or less. The above-mentioned epoxy resin Bisphenol A diglycidyl ether of 
200g/Eq or less of weight per epoxy equivalent, It consists of at least one sort of monoglycidyl 
compounds chosen from the straight chain alkyl monoglycidyl ether of carbon numbers 11-13, and/or 
the straight chain alkyl monoglycidyl ester of carbon numbers 9-1 1 . It is the hardenability electric 
conduction constituent characterized by a monoglycidyl compound containing at 20 - 60% of the weight 
of a rate to bisphenol A diglycidyl ether. 

[0009] In addition, in this invention, the rate of the metal powder of the particle size exceeding standard 
deviation logsigma defined by the mean particle diameter and the logarithmic distribution function of a 
metal powder and 40 micrometers is measured by the laser scattering-about method. That is, the rate of 
the metal powder of the particle size exceeding standard deviation logsigma defined by mean particle 
diameter and the logarithmic distribution function and 40 micrometers was computed based on the 
measurement data of the particle size distribution of the metal powder measured by the laser scattering- 
about method. In addition, the mean particle diameter of the metal powder in this invention shows 
volum e mean particle diameter. 

(|00 ^lOht is important for the epoxy resin used for this invention to have the presentation which consists 
of^-itfonoglycidyl compound of bisphenol A diglycidyl ether of 200g/Eq or less of weight per epoxy 
equivalent, the straight chain alkyl monoglycidyl ether of carbon numbers 1 1-13, and/or the straight 
chfljn allcyl monngly pidyl ester of carbon numbers 9-11 . 

Q001 l^That is, the effectiveness of preventing generating of the crack by the cold energy impact of the 
unTFSF hardening of a hardenability electric conduction constituent or a hardening object can be 
demonstrated by the interaction by using considering as the presentation which combined the b isphenol 
A diglycidyl ether which is a bridge formation component about the epoxy resin used for thislnvention, 
and a m onoglycidyl compound , and the specific metal powder which carries out a postscript. 
[0012] In this invention, as for the reason for using the bisphenol A mold epoxy resin as a bridge 
formation component of an epoxy resin, the point that water absorption is low, the point that the 
crosslinking density accompanying hardening is high, etc. are mentioned. If, as for the above-mentioned 
bisphenol A diglycidyl ether, the weight per epoxy equivalent exceeds Eq in 200g /, the crosslinking 
density accompanying hardening of a hardenability electric conduction constituent will fall, and good 
conductivity will not be acquired. 

[0013] Moreover, in this invention, since beta distribution temperature of the epoxy resin obtained 
becomes high when the carbon number of the straight chain alkyl monoglycidyl ether used as one 
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component of the above-mentioned epoxy resin exceeds 13, or when the carbon number of straight chain 
alkyl monoglycidyl ester exceeds 1 1, the cold energy-proof impact nature of the hardening object of the 
hardenability electric conduction constituent obtained falls, and the crack-proof nature in low 
temperature falls especially. Moreover, the relaxation effect of the stress concentration generated by 
contraction at the time of hardening of a hardenability electric conduction constituent falls, and it 
becomes easy to generate a crack also by this at the time of hardening. 

[0014] Generally the hypoviscosity of the mono-chestnut SHUIRU compound below the above- 
mentioned carbon number is liquefied, and, thereby, it can adjust the viscosity of bisphenol A diglycidyl 
ether. 

[0015] When the carbon number of straight chain alkyl monoglycidyl ether is smaller than 1 1 on the 
other hand, and when the carbon number of straight chain alkyl monoglycidyl ester is smaller than 9, the 
boiling point falls, since the amount of volatilization at the time of being heat hardening becomes large, 
contraction of the hardening object at the time of hardening arises unusually, and a crack becomes easy 
to go into the hardening object acquired. 

[0016] Moreover, it is important for the alkyl chain of the above-mentioned monoglycidyl compound 
that it is a straight chain-like. That is, when the monoglycidyl compound of the structure which this 
alkyl chain branched is used, there is an inclination for beta distribution temperature of an epoxy resin to 
become high. 

[0017] In this invention, an epoxy resin comes to blend a monoglycidyl compound at 30 - 50% of the 
weight of a rate preferably 20 to 60% of the weight to the above-mentioned bisphenol A diglycidyl 
ether 

( ffioiff j)When there are few rates of a monoglycidyl compound than 20 % of the weight the effectiveness 
of lowering beta distribution tem perature of an epoxy r esin becomes inadequate, and crack-proof nature. 
falls . Moreover, since the crosslinking density accompanying hardening of an epoxy resin falls when the 
rate of this monoglycidyl compound exceeds 60 % of the weight, good conductivity is not acquired. 
<^0019p[n this invention, a thing well-known as a curing agent of an epoxy resin can be used for a curing 
agent For example, resin system curing agents, such as compound system curing agents, such as acid 
anhydrides, such as amines , such as a meta-phenylenediamine, diamino diphenylmethane, and 
diaminodiphenyl sulfone, phthalic anhydride, a succinic anhydride, trimellitic anhydride, pyromellitic 
ij JJ. dianhydride, and tetrahydro phthalic anhydride, i midazole derivatives , and a dicyandiamide, phenol 
resin, polyamide resin, and a urea-resin, are mentioned. Especially novolak mold phenol resin or 
novolak mold cresol resin is most suitable as a curing agent of this invention to the point which was 
excellent in moisture resistance and thermal resistance, and is equipped with reducibility, the point that 
pot life is long, the printed wired board, etc., from the point that curing temperature is suitable, the point 
with very few amounts of a by-product, from which it becomes the cause of a void, etc. The addition of 
the above-mentioned curing agent should just choose the amount usually used according to the class of 
curing agent to be used. It is desirable to make 0.3-2.0Eq into 0.5-1. 3Eq preferably to lEq of epoxy 
groups of an epoxy resin generally. When a curing agent exceeds less than 0.3Eq or 2.0Eq to lEq of 
epoxy groups of an epoxy resin, there is an inclination for the crosslinking density of the hardening 
object acquired to become small, and good conductivity may not be acquired. 

[0020] In order that using the resin-like metal powder which has conductivity as a metal powder in this 
invention may prevent generating of the crack accompanying exfoliation [ in / an adhesive property with 
an epoxy resin is good, and / a metal powder and a binder interface ], And the hardening object which 
there is no generating of a crack at the time of hardening, and is acquired by combination with the 
adjustment and said epoxy resin to the after-mentioned specific particle size distribution is required in 
order to obtain the hardenability electric conduction constituent which continues at a long period of time 
and demonstrates stable conductivity. 

[0021] The quality of the material of the above-mentioned resin-like metal powder is used that the well- 
known quality of the material which has conductivity does not especially have a limit. For example, 
copper, silver, nickel, iron, etc. are mentioned. 

[0022] In this invention, a resin-like metal powder requires that mean particle diameter should be 10-15 
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micrometers. That is, when the mean particle diameter of a resin-like metal powder is smaller than 10 
micrometers, since the point of contact between resin-like metal powders increases, good conductivity is 
acquired, but even if it restricts to the range which mentioned above the particle size distribution of a 
metal powder, generating of the crack at the time of hardening cannot be controlled, and the purpose of 
this invention cannot be attained. Moreover, if mean particle diameter exceeds 15 micrometers, in the 
interface of an epoxy resin and a metal powder, it will become easy to generate a crack. 
[0023] Moreover, in this invention, a resin-like metal powder requires that the rate of the metal powder 
of the particle size exceeding 40 micrometers should be below 0.05 capacity %, and standard deviation 
logsigma defined by the logarithmic distribution function should be 0.26 or less. 
[0024] That is, this invention persons found out that a crack occurred preferentially in the interface of 
this metal powder and resin, when a metal powder with a comparatively big particle size existed in a 
metal powder, as a result of examining many things about the cause of generating of the crack of the 
hardenability electric conduction constituent at the time of hardening. And it succeeded in the ability of 
generating of the crack at the time of hardening of a hardenability electric conduction constituent to be 
prevented effectively according to the synergistic effect with an operation of the aforementioned 
monoglycidyl compound by decreasing the metal powder of the particle size which restricts the particle 
of the diameter of a large drop of this metal powder so that standard deviation logsigma defined by the 
logarithmic distribution function may become 0.26 or less, and exceeds 40 micrometers. 
[0025] The metal powder of the particle size which mean particle diameter is set to less than 10 
micrometers when standard deviation logsigma defined by the logarithmic distribution function, 
excluding the metal powder of the particle size to which the resin-like copper powder marketed exceeds 
40 micrometers is 0.26 or less, standard deviation logsigma defined by the logarithmic distribution 
function when mean particle diameter is 10-15 micrometers incidentally exceeds 0.30, or exceeds 40 
micrometers is contained. 

[0026] Said specific mean particle diameter used for this invention and especially the manufacture 
approach of resin-like copper powder of having particle size distribution are not restricted. For example, 
the approach by dry classification methods, such as wet-classification methods, such as a lake sizer, a 
spiral classifier, and a liquid cyclone, a screen, a body-of-revolution mold sizer, a centrifugal air 
classifier, and an air separator, is suitable. 

[0027] this invention » setting -- a resin-like metal powder - the total quantity 100 weight section of an 
epoxy resin and a curing agent - receiving ~ the 300 - 2000 weight section - the 400 - 700 weight 
section comes out comparatively preferably, and it is used. 

[0028] To the total quantity 100 weight section of an epoxy resin and a curing agent, when fewer than 
the 300 weight sections, good conductivity is not acquired for the rate of the above-mentioned resin-like 
metal powder. Moreover, comparatively, when [ of this resin-like metal powder ] exceeding the 2000 
weight sections, since a fluidity falls, the bonding strength of the metal powder of the hardening object a 
problem not only arises in the handling of printing nature etc., but acquired becomes weaker and 
conductivity falls, it is not desirable. Moreover, in order to obtain the hardenability electric conduction 
constituent which combines the stable conductivity and good handling nature, the addition of said resin- 
like metal powder has especially the desirable thing considered as the 400 - 700 weight section to the 
total quantity 100 weight section of an epoxy resin and a curing agent. 

[0029] In addition to the above-mentioned curing agent, in the hardenability electric conduction 
constituent of this invention, a hardening accelerator may be added if needed. For example, the 3rd 
amines and imidazole derivatives can use it suitably to an acid-anhydride system, a dicyandiamide, 
phenol resin, aromatic amine, etc. 0. 1 - 5 weight section is suitable for the addition of this hardening 
accelerator to the total quantity 100 weight section of an epoxy resin and a curing agent. 
[0030] Although it does not need a solvent, according to the application, suitably, especially the 
hardenability electric conduction constituent of this invention adds a solvent, and viscosity may be used 
for it, adjusting. As the above-mentioned solvent, a well-known thing can use it without a limit 
especially. For example, carbitols, such as ester, such as alcohols, such as isopropanol and a butanol, 
ethyl acetate, and butyl acetate, ethyl carbitol, and butyl carbitol, are mentioned. Independence or two 
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sorts or more may be mixed and used for the above-mentioned solvent. 

[003 1] A well-known additive may be blended with the hardenability electric conduction constituent of 
this invention in the range in which the property is not reduced remarkably. As this additive, a 
defoaming agent, a dispersant, a thixotropy-ized agent, a leveling agent, a rusr-proofer, a reducing agent, 
etc. are mentioned, for example. 

[0032] Although especially die manufacture approach of the hardenability electric conduction 
constituent of this invention is not restricted, it mixes various kinds of additives blended if needed 
[ above / epoxy resin, curing agent, metal powder, and if needed ], and can manufacture them by 
kneading using well-known distributed equipment, for example, DISUPA, a ball mill, 3 roll mills, 
FUBA MARA, etc. 

[0033] The hardenability electric conduction constituent of this invention can be painted, printed or 
filled up with well-known approaches, such as a spray, brush coating, dipping, offset printing, and 
screen-stencil. 
[0034] 

[Effect of the Invention] The effectiveness excellent in generating prevention of the crack at the time of 
hardening and generating prevention of the crack by the cold-energy impact of a hardening object 
acquired demonstrates according to the synergistic effect by the resin-like metal powder which uses the 
epoxy resin which carries out the amount content of specification of the monoglycidyl compound which 
has specific structure as an epoxy resin which constitutes a hardenability electric-conduction constituent, 
and has specific particle size distribution as a metal powder being used for the hardenability electric- 
conduction constituent of this invention. Moreover, it also has the description of continuing at a long 
period of time and demonstrating advanced conductivity. 

[0035] Therefore, the hardenability electric conduction constituent of this invention is suitably used in 
the application which forms thick hardening objects, such as a through hole weather strip, using the 
above-mentioned property, and can acquire high dependability. 
[0036] 

[Example] Although an example and the example of a comparison explain this invention concretely 
below, this invention is not limited to these examples. 

[0037] Various kinds of metal powders shown in one to examples 1-14 and example of comparison 16 
table 1 were prepared. In addition, as a dispersant, per surface area of a metal powder, B.H.T of 3wt 
(weight) % was added to this metal powder, and preliminary mixing was performed to it to the linolic 
acid of 0.25x10-5 mmol/cm2, and linolic acid. 

[0038] On the other hand , bisphenol A diglycidvl ether of 173g/Eq of weight per epoxy equivalent is 
received. Blend so that it may become the rate (% of the weight) which shows th e monoglypjHj H 
compound of the class shown in Table 2 in Table 2, and an epoxy resin is constituted. Moreover, the 
above-mentioned metal powder is blended at a rate (weight section) shown in Table 2 to the total 
quantity 100 weight section of this epoxy resin and a curing agent. Furthermore, it blends at a rate 
(weight section) which shows the curing agent shown in Table 2 in Table 2 to the epoxy resin 100 
weight section. Furthermore, the 2-ethyl-4-methylimidazole of 1 weight section was blended as a 
hardening accelerator to the epoxy resin 100 weight section, these were mixed for 30 minutes by 3 roll 
mills again, and the hardenability electric conduction constituent was obtained. 

[0039] In addition, among the various metal powders shown in Table 1, using commercial arborescence 
copper powder, other things perform a classification using a screen (screen) altogether, and A, B, G, and 
H remove the metal powder of the diameter of a large drop. 

[0040] Moreover, in an example 7 and the examples 8, 10, 12, and 14 of a comparison, in order to adjust 
the viscosity of a hardenability electric conduction constituent to 300-3000poise, optimum dose addition 
of the butyl cellosolve was carried out as a solvent during kneading. 

[0041] The obtained hardenability electric conduction constituent was printed with screen printing on 
the glass epoxy group plate, and drawing 1 , drawing 2, and the circuit pattern shown in drawing 3 were 
created. In addition, the thing of the thickness of 1.6mm and 0.8mm of diameters phi of a through hole 
was used for the substrate in drawing 2 and the through hole pattern of drawing 3 . After drying on 80 
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degrees C and the conditions of 2 hours at a hot-air-drying furnace, hardening of a through hole pattern 
is the far-infrared furnace which carried out temperature control to 180 degrees C, and was hardened the 
condition for 6 minutes. On the other hand, hardening of the pattern of drawing 1 R> 1 is the far-infrared 
furnace which carried out temperature control to 180 degrees C, and was performed the condition for 6 
minutes. 

[0042] The resistance of each circuit pattern was measured by the digital multimeter after hardening, and 
the average of a volume resistivity and through hole resistance was computed. About that to which 
through hole resistance exceeds 200mohm / hole, it counted as a percent defective after hardening. 
Moreover, through hole resistance was expressed with the average except a defect through hole. 
[0043] In addition, it is [ pattern / through hole ] -65 degrees C, 30 minutes - 125 degrees C, and the 
conditions for 30 minutes about a cold energy cycle trial about through hole 10,000 hole per each 
example and example of a comparison, and is 500 cycle ******. After the cold energy cycle trial, 
through hole resistance counted what increased 30% or more, and expressed as a percent defective after 
a thermal test. 

[0044] These results were collectively shown in Table 3. 

[0045] Moreover, as a result of observing the existence of generating of a crack and a void about the 
hardening object of the hardenability electric conduction constituent in the through hole obtained by this 
invention, the crack and the void were not generated at all. 

[0046] Bisphenol A diglycidyl ether of 280g/Eq of example of comparison 17 weight per epoxy 
equivalent was used, and also [ all ] the paste was kneaded like the example 1, and evaluation same 
about the obtained hardenability electric conduction constituent was performed. The result was 
collectively shown in Table 3 . 
[0047] 
[Table 1] 
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[Table 3] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] It consists of an arborescence metal powder of the 300 - 2000 weight section to the total 
quantity 100 weight section of an epoxy resin, a curing agent, and the above-mentioned epoxy resin and 
a curing agent. The above-mentioned resin-like metal powder with the mean particle diameter of 10-15 
micrometers The rate of the metal powder of the particle size exceeding 40 micrometers is below 0.05 
capacity %, and standard deviation logsigma defined by the logarithmic distribution function is 0.26 or 
less. The above-mentioned epoxy resin Bisphenol A diglycidyl ether of 200g/Eq or less of weight per 
epoxy equivalent, It consists of at least one sort of monoglycidyl compounds chosen from the straight 
chain alkyl monoglycidyl ether of carbon numbers 1 1-13, and the straight chain alkyl monoglycidyl 
ester of carbon numbers 9-11. The hardenability electric conduction constituent characterized by a 
monoglycidyl compound containing at 20 - 60% of the weight of a rate to bisphenol A diglycidyl ether. 
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